This paper reports the results of a study made on 25 patients who have had two or more translumbar aortograms at intervals varying from one to four years. A technique was devised for the measurement of the diameter of the vessels from the radiographs and the type of atherosclerosis was also classified. The arterial tree, from the lower abdominal aorta to the division of the popliteal artery, was divided into nine anatomical segments. A total of 324 segments were studied.
arteriography, has presented good evidence to support the suggestion that secondary thrombosis is the most important aspect of the disease, but at the same time clinicians believe that arteriosclerosis causes a continuous unrelenting narrowing of the arteries. We were not satisfied that most arteriosclerotic arteries necessarily became narrower. Our clinical experience had revealed that many diseased arteries become longer and wider to the extent of being radiologically recognized as the entity, termed by Lea Thomas7 "arteriomegaly."' Consequently, we decided to study the changes that occur in arteries affected by atherosclerosis.
It is clear from the literature that there is confusion over the terms " atherosclerosis, ' arteriosclerosis, and " peripheral vascular disease. " We agree with Boyd8 and use the word arteriosclerosis in a broad sense to include a variety of noninflammatory forms of arterial disease which may or may not have a common etiology. Atherosclerosis is a disease of the intima and (irculation. \Volumoc .50, August 1974 subintimal layers typified by subintimal plaques which have a yellow waxy appearance to the naked eye and contain lipids and fibrin; other changes also occur in the arterial wall due to stress and ageing. These also contribute to the changes of "arteriosclerosis." Because we cannot define the pathological causes of the abnormalities we have seen on our radiographs, we prefer to call the total appearance that of arteriosclerosis.
This paper presents the results of a study of the progression of arteriosclerosis in the lumbar aorta, and iliac and femoral arteries assessed by serial aortography, and confirms our initial impression that arteriosclerosis is a mixed condition and that it is as often associated with progressive widening of the arteries as narrowing ( fig. 1 ).
Methods

Case Selection
The notes and films of all patients who had had more than one translumbar aortogram at St. Thomas' Hospital between 1965 and 1970 were gathered for the study. The clinical state of the patient at the time of the aortogram was recorded, but we soon found that this was of questionable value. Initially, there were 75 patients who had had more than one aortogram, but it was apparent that they would not all be suitable for this study. The criteria for inclusion were: 1) Each series of films had to be complete (lost or damaged sets could not be included). Both aortograms had to be technically adequate. Complete filling of the segments of the arterial tree was essential for comparison (the lower lumbar aorta to at least 5 cm below the division of the popliteal artery). Films of the foot vessels were not necessary. Sets of films with great variations in contrast were not accepted. Any situation that might have varied the technique of the procedure excluded the films. 2) The minimum acceptable time interval between two sets of films was one year. When more than two aortograms had been taken with an acceptable time interval between each they were considered as two intervals (i.e. between aortograms 1 & 2 and 2 & 3) and also as a third interval between the first aortogram and the last (1 & 3) . 3) Patients who had had surgery to the aorto-iliac or femoral vessels were included in the series provided there were untouched segments that could be compared.
Technique of the Translumbar Aortograms
All the examinations were carried out under general anesthesia using our standard technique.9 To make certain that there was no difference in magnification between two aortograms, bony points close to the arteries, neck of the femur, and the lateral width of the femoral condyles were measuired on each set of films. These measurements confirmed that the radiographs were strictly comparable.
Assessment of the Aortographs
All the films were assessed by two of us. In order to compare films from the same patient or from different patients it was necessary to: define anatomical areas of the arterial tree; establish fixed points in each area from which measurements could be taken; and describe and measure the different types of atheroma. The lower aortafrom 10 cm proximal to the aortic bifurcation to the bifurcation itself.
Common iliac arteries from the bifurcation of the aorta down to a line drawn at the level of the origin of the internal iliac arteries.
Mouth of the internal iliac arteries was taken as a line at right angles to the wall of the internal artery at its origin from the common iliac artery.
External iliac arteriesextended from the termination of the common iliac artery down to a point crossed by a line joining the anterior-superior iliac spine to the pubic tubercle.
Common femoral arteryfrom the termination of the external iliac artery to the origin of the profunda femoris artery. Ilio-femoral segmentthe definition of the external iliac and the common femoral was later considered to be unsatisfactory, both from an anatomical and clinical point of view, so the two segments (ilio-femoral) were considered together.
Superficial femoral arterybegan at the origin of profunda femoris and ended when the vessel crossed the bony margin of the medial side of the femur.
Profunda femoris arterythe mouth of the profunda was measured along a line drawn at right angles to its wall at its origin.
Popliteal arteryfrom the bony margin of the femur where the superficial femoral terminated, to the bifurcation into anterior and posterior tibial vessels.
Anterior and posterior tibial arteriesthe mouths only were measured along lines at right angles to their walls. In order to achieve an over-all impression of changes in diameter of the larger vessels, fixed points were established. Measurements were taken at these points regardless of the condition of the vessel on either side. 1) Aortic fixed pointa transverse line drawn across the aorta 1 cm above the apex of the bifurcation.
2) Common iliac fixed pointsa line drawn across the common iliac artery at the upper edge of the origin of the internal iliac artery.
3) Internal iliac fixed pointthe internal iliac artery was measured across its mouth at right angles to its wall. 4) Common femoral fixed pointthe width just above the upper edge of the origin of the profunda femoris artery. 5) Profunda femoris fixed pointa line drawn at right angles across its mouth. 6) Superficial femoral fixed pointthe measurement was made at right angles to the long axis of the superficial femoral artery at a point 10 cm vertically above the intercondylar notch of the lower end of the femur.
The Measurement and Description of the Atheromatous Lesions
Widest and narrowestmeasurements were made in each segment at right angles to the long axis of the vessel. The internal iliac arteries, the profunda femoris, and the anterior and posterior tibial arteries were measured across their mouths only.
Length of segmentstwo segments were measured along their long axis using a rotating wheel, similar to that used for measuring distance on road maps. These were the ilio-femoral segments described above and the common iliac artery. Results
Fifty-five translumbar aortograms were studied. They were obtained from 25 patients whose ages ranged from 55 -70 yrs. Four of the patients were women. Five of the patients had three aortograms, all others had two. A total of 475 segments were measured.
The mean period between the pairs of aortographs was 1.8 years. There were 13 pairs one year apart, 5 pairs two years apart, 5 pairs three years apart, and 2 pairs four years apart.
Fixed Points
Aorta Twenty-six pairs of aortic fixed points were measured (table 1). The greatest increase in diameter Measurements were obtained from 21 right common iliac arteries and 19 left (table 2). The greatest increase in diameter of the fixed point was from 7 mm to 10 mm (43%). The greatest degree of narrowing was from 10 mm to 7 mm (30%). On the right side five (24%) fixed points became wider, six (29%) became narrower, and 10 (48%) remained the same. On the left side seven (36%) became wider, six (32%) became narrower, and six (32%) remained the same ( fig. 1 ). Taking both sides together 30% became wider, 30% became narrower, and 40% remained unchanged.
Internal Iliac Artery
Eighteen right iliac arteries were measured and 16 left (table 3) . The greatest increase in diameter was from 6 mm to 8 mm (33%) and the greatest decrease was from 5 mm to 3 mm (40%).
On the right side 17% became wider, 44% became narrower, and 39% remained unchanged. On the left side 19% became wider, 31% became narrower, and 50% remained unchanged. Taking both sides together 18% of the internal iliac arteries' fixed points became wider, 38% became narrower, and 45% remained unchanged.
Common Femoral Artery
Measurements were taken from 14 right common femoral arteries and 14 left (table 4 ). The greatest increase in diameter at the fixed point was from 7 mm to 9 mm (29%). The greatest decrease was from 10 mm to 6 mm (40%). The right common femoral artery became wider at the fixed point in 8%, narrower in 43%, and remained unchanged in 50%. On the left side 14% became wider, 36% became narrower, and 50% remained unchanged.
Taking both sides together 11% became wider, 40% became narrower, and 50% remained unchanged.
Profunda Femoris
Measurements were taken from 13 right profunda fixed points and nine left (table 5). The greatest increase in diameter was from 5 mm to 6 mm (20%) and the greatest decrease was from 5 mm to 3 mm (40%). The fixed point of the right profunda femoris became wider in 23%, narrower in 23%, and remained unchanged in 54%. On the left side 11% became wider, 55% became narrower, and 33% remained unchanged. Taking both sides together 17% became wider, 39% became narrower, and 44% remained unchanged.
Superficial Femoral Artery
Measurements were taken from eight right superficial femoral artery fixed points and eight left (table 6 ). The greatest increase in diameter at the fixed point was from 4 mm to 5 mm (25%). The greatest decrease was from 2 mm to 1 mm (50%). On the right side no superficial femoral fixed points became wider, 75% became narrower, and 25% remained unchanged. On the left side 25% became wider, 13% became narrower, and 62% remained unchanged. Combining both sides 18% became wider, 44% became narrower, and 44% remained unchanged. 
Effect of Time
There was no direct relationship between the changes in diameter in the fixed points and the time interval between aortograms. For example, 43% of the aortic fixed points that were measured with a time interval of one year became wider, while only 20% of those measured at intervals of two and three years became wider. In other words, the changes were not necessarily progressive or always in the same direction, or even the same in different segments of one pair of films ( fig. 1 ).
Changes in Widest and Narrowest Points
Aorta Twenty-six pairs of aortas were measured (table 7) . The greatest increase in diameter of the widest point was from 16 mm to 18 mm (13%). The greatest decrease of the widest point was from 19 mm to 15 mm (21%).
The greatest increase in diameter at the narrowest point was from 19 mm to 22 mm (16%), while the greatest decrease in size of the narrowest point was from 16 mm to 12 mm (25%). Over-all, 42% of the widest points became wider, 23% became narrower, and 35% remained unchanged. The narrowest point became wider in 35% of cases, narrower in 27%, and showed no change in 39%.
Common Iliac
Twenty-one common iliacs were measured and 19 left (table 8). Right Side. The greatest increase in diameter at the widest point on the right side was from 18 mm to 21 mm (17%). The greatest decrease in diameter at the widest point on the right side was from 10 mm to 8 mm (20%).
The greatest increase in diameter of the narrowest point on the right side was from 8 mm to 12 mm (50%). The greatest decrease in diameter of the narrowest point was from 9 mm to 6 mm (33%).
Over-all, on the right side the widest point became wider in 29% of the cases, narrower in 24%, and showed no change in 48%. The narrowest point became wider in 29%, narrower in 29%, and showed no change in 43% of cases.
Left Side. The greatest increase in diameter of the widest point was from 10 mm to 12 mm (20%). The greatest decrease in diameter was from 13 to 11 mm (15%). The greatest increase in diameter of the narrowest point was from 8 mm to 9 mm (13%). The greatest decrease in diameter was from 7 mm to 5 mm (20%). Over-all, on the left side the widest point became wider in 32%, narrower in 11%, and showed no change in 58% of the cases. The narrowest point became wider in 16%, narrower in 47%, and showed no change in 37% of the cases.
Combining the two sides, 31% of the widest points in the common iliac segments became wider, 18% became narrower, and 50% showed no change. The narrowest points in the common iliac segments became wider in 23%, narrower in 38%, and showed no change in 40%.
Changes in Length of the Common Iliac and Ilio-Femoral
Segment
Seventeen right and 15 left sides were measured (table 9).
Right Side
Common Iliac Segmentthe greatest increase in length of this segment was from 6 mm to 9 mm (50%). The greatest decrease in length was from 8 mm to 7 mm (13%).
Ilio-Femoral Segmentthe greatest increase in length was from 12 mm to 13 mm (8%). The greatest decrease in length was from 18 mm to 13 mm (27%). Combined Segments the greatest increase in length of the combined segments was 15% and the decrease was 20%.
Over-all -39% of the right common iliac segments became longer, 6% became shorter, and 56% showed no change. Thirty-seven percent of the long segments became longer, 31 % became shorter, and 31 % showed no change. The combined segments became longer in 44%, shorter in 19%, while 37% showed no change.
Left Side
Common Iliac Segment the greatest increase in length of this segment was from 4 mm to 5 mm (25%). The greatest decrease in length was from 5 mm to 4 mm (20%).
Ilio-Femoral Segment the greatest increase in length of this segment was from 10 mm to 11 mm (10%). The greatest decrease was from 19 mm to 17 mm (15%).
Combined Segments the greatest increase in length was 17% and the greatest decrease was 5%.
Over-all -33% of left common iliac segments became longer, 27% became shorter, and 40% showed no change. Twenty-seven percent of the ilio-femoral segments became longer, 13% became shorter, and 60% showed no change.
The combined segments became longer in 40% of cases, decreased in 33%, and showed no change in 27%.
Right and Left Sides Combined
When the measurements from the right and left sides were combined, it was found that the arterial tree between the aortic bifurcation and the origin of the superficial femoral artery became longer in 42% of cases, shorter in 26%, and did not change in 32%.
Discussion
The aim of this retrospective survey was to assess what happened to the arterial tree from the aortic bifurcation to the popliteal artery when it was affected by arteriosclerosis. Only those vessels which were not occluded were studied so that measurements could be made of both the diameter and length of any particular segment. There are serious limitations to the use of arteriography for the demonstration of change of length and diameter. The standard translumbar technique produces radiographs in one plane only, so that plaques on the anterior and posterior walls of the vessels cannot be seen. To reduce the errors due to this deficiency we measured the diameters and lengths at and between a series of fixed points and took considerable care to insure that the sets of films were comparable, particularly with regard to magnification.
The changes produced by the pulse wave and differing blood pressures at each examination have been ignored as they could not be assessed. However, they are likely to be small.
The results confirm our original clinical impression, which instigated the study, that dilatation and elongation of arteries does occur in the presence of increasing atheromas. In the aorta and common iliac arteries, only one-third of the vessels showed progressive narrowing, the remainder either became wider or stayed the same. Although the vessels showed an increased tendency to become narrower, below the common iliac artery 20% became wider and 50% showed no change. Areas that were abnormally dilated at the time of the first aortograph often continued to dilate. Most stenoses became narrower, but some became wider.
We have made no attempt to correlate these changes with the clinical state of the patient. The variability of the symptoms is such that any attempt would probably be of little value,6' 10 and symptoms depend on many other factors, such as the development of collaterals, as well as the state of the main arteries. We have neither learned how to predict which lesions will dilate and which will stenose, nor how quickly these changes will take place. Gradual stenosis of a vessel can be explained on the basis of the build-up of subintimal atheroma and the deposition of platelets and fibrin on the surface of the plaques. The process of dilatation and elongation, however, can only be brought about after weakening of the arterial wall by either the atheroma or ageing. It is well known that atheroma produces changes in all layers of the arterial wall. There is destruction of the intima and subintimal layers by the plaques; there is arteritis which spreads through the wall and into the surrounding tissues, and there is loss of the normal elasticity of the vessel wall by a splinting action of the plaques. The vessel ceases to be a dynamic structure and becomes a semi-rigid tube. " This state could also be reached without the presence of atheroma.
The muscle wall of the arteries may atrophy with age to such an extent that again the vessels become static tubes.12 Once an artery becomes a semi-rigid tube the tension in its wall will vary in accordance with Laplace's Law (T = P x R), which states that the tension in the wall of a hollow cylinder is directly proportional to the product of the tube's radius and the pressure being supported by the wall.'3 The larger the cross sectional area of the vessel, the greater the lateral pressure.14 As the systemic blood pressure rises with age the tension in the wall will increase, and once distension begins the radius of the vessel increases and the tension increases even more. At the same time, if there is distal obstruction from atheroma, the lateral pressure on the walls of the vessel will increase slightly.'5 These theoretical considerations explain why the lengthening and dilation was more evident in the larger rather than in the smaller vessels. We could not correlate the changes measured in this series with pulse or blood pressure levels as we had no records prior to the onset of symptoms.
This study shows that arteriosclerosis does not progress exclusively to stenose the arterial tree. In fact, it suggests that dilation in the aorta and iliac vessels is more common than stenosis.
This statement is not as controversial as it first may seem. Postmortem examination of patients over the age of 60 revealed that the majority of vessels had extensive atheroma. Only a very small percentage of these patients had symptoms from this disease and the majority had slightly enlarged patent vessels containing many nonocclusive atheromatous deposits.
